Factors associated with incidence of mummified fetuses at 7, 9, 11, 13 and 15 wk of gestation were determined in a cross-sectional design involving 209 pregnant pigs. Percentage of observed mummies increased from 2.1 to 12.2% as gestation progressed. Incidence of mummies at 7 wk of gestation was not different between litters of nine fetuses or fewer and those of 10 fetuses or more. During the period of 7 to 15 wk of gestation, the incidence of mummies remained constant at about 1% in litters of nine fetuses or fewer, whereas in litters of 10 fetuses or more the incidence increased linearly from 1 to 12% (P < .01). In litters of nine fetuses or fewer, a mummy occupied no less space than a live fetus until 13 wk of gestation. In litters of 10 fetuses or more, a mummy occupied less space than did a live fetus after 7 wk of gestation. An increase in the incidence of mummies in larger litters was associated with uterine space per fetus below that needed for development and survival. The 12% fetal loss in late gestation was associated with less uterine space per fetus. Length of uterine horns, litter size and stage of gestation together accounted for 12% of the variation in incidence of mummies (P < .001). A longer uterus had greater space per fetus, a larger number of live fetuses and a lower incidence of mummies.
I ntroduetion
From 30 d of gestation to parturition, 10% of pig fetuses are lost (Wrathall, 1971) . The causes of fetal loss are unclear. Intrauterine spacing and crowding (Dziuk, 1968; Pope et al., 1972; Webel and Dziuk, 1974; Anderson and Parker, 1976) , maternal nutrition (Anderson and Dunseth, 1978) , thermal effects (Omt-vedt et al., 1971 ) and limitations of blood flow (Wootton et al., 1977) s To whom reprint requests should be addressed. adept, of Anita. Sci., 1301 Taft Drive, Urbana 61801.
Received April 13, 1988 . Accepted June 21, 1988. that may be critical for fetal survival and to establish an association of incidence of mummies to length of uterus occupied by a fetus.
Objectives of the present investigation were 1) to determine the effect of number of fetuses on incidence of mummies at various stages of gestation, 2) to correlate incidence of mummies to uterine space occupied by a fetus and 3) to evaluate the relative significance of length of uterine horns, litter size and stage of gestation on fetal survival.
Materials and Methods
Reproductive tracts of 209 pregnant pigs recovered at a commercial slaughter plant were assigned to groups 7, 9, 11, 13 or 15 wk of gestation in a cross-sectional design based on fetal length and weight (Marrable and Ashdown, 1967) . Tracts were recovered in June and December. All reproductive tracts were included with no allowance for history or origin. Reproductive tracts were examined at the day of collection. Uterine horns were cut free from ligaments and laid flat with cut edges up; length of ] 203 each horn was measured without stretching. Uterine horns then were opened along the cut edges, exposing the placenta without disturbing attachment to the uterus. Length of a fetus was measured from the root of the tail to the ventral border of the external auditory meatus and projected to intersect the profile of the head. A mummy was defined as a degenerating and mummified fetus. Each live fetus or mummy was removed by cutting the umbilicus. Fetuses then were blotted dry, tagged, weighed and numbered according to uterine location. Distances : between adjacent fetuses were measured from umbilicus to umbilicus at the point of attachment to the placenta. The method for measuring length of uterus occupied by a fetus (i.e., fetal space) was described by Hagen et al. (1980) and the following modifications. Space for the fetus at the oviductal end was the distance from the tip of the horn plus one half the distance of the adjacent fetus. Fetal space for other fetuses, including those fetuses located at the junction of uterine horns, was one half the total distance to its two adjacent fetuses. Number of live fetuses, mummies and number of corpora lutea were recorded.
Numbers of corpora 1urea, total fetuses, live fetuses, percentage of fetal survival and length of uterine horns were compared by least squares ANOVA between litters with and without mummies. For the effect of litter size, data were arranged and classified into two groups: one group with nine fetuses or fewer and another group with 10 fetuses or more. This stratification was based on the mean number of live fetuses of 9.7 in the present study. The chisquare test of homogeneity was analyzed to determine associations of incidence of mummies, stage of gestation and litter size. Comparisons of fetal space, weight and length between live fetuses and mummies at different stages of gestation and with or without presence of mummified littermates were evaluated by least squares ANOVA. Multiple regression analysis was used to determine the relative influences of length of uterine horns, number of total fetuses and stage of gestation on the percentage of mummies in a litter. Statistical analyses were calculated by procedures of SAS (1985) .
Results and Discussion
Females with mummified fetuses had more ovulations, more fetuses, fewer live fetuses and smaller proportion of fetuses surviving than females with no mummies (Table 1 ). There were mummies in 28% of litters. There was no difference in length of uterine horns between females with and without mummified fetuses (P > .90), but number of total fetuses was greater (P < .05) in litters with mummies than in those with no mummies, indicating that uterine length was limiting and was causing mummies rather than that mummies were causing the uterus to shorten. This indication is consonant with previous observations of reduced litter size associated with reduced available uterine space per potential fetus (Fenton et al., 1970; Webel and Dziuk, 1974; Knight et al., 1977) .
The associated 12.1% greater fetal loss in litters with mummies (Table 1 ) than in those with no mummies from 7 to 15 wk of gestation supports a similar observation by Wrathall (1971) . Each fetus in litters with mummies had dFetal survival is the proportion of number of live fetuses to number of corpora lutea. 24 cm of space compared with 27 cm in litters with no mummies; this is a result of 11.2 fetuses in 266 cm of uterus in litters with mummies compared with 10 fetuses in 268 cm in litters with no mummies. Knight et al. (1977) indicated that a fetus needs a minimum amount of uterine space to survive. Research using superovulation, superinduction and unilaterally ovariohysterectomized gilts results in intrauterine crowding. These treatments result in a high percentage of fetal death after d 30 of gestation (Fenton et al., 1970; Webel and Dziuk, 1974; Knight et al., 1977; Christenson et al., 1987) .
Percentage of litters with mummies increased from 15.4 to 47.6% (P < .01) as gestation progressed from 7 to 15 wk (Table 2) , with nearly all the increase being attributable to increase from 15.4 to 69.2% in litters with 10 fetuses or more. The proportion of mummified fetuses increased from 2.1 to 12.2% (P < .01) from 7 to 15 wk of gestation (Table 3) . When the influence of litter size on incidence of mummies was examined during 7 to 15 wk of gestation, we found that the percentage of mummified fetuses in litters with nine fetuses or fewer was constant at about 1.1% but increased in litters with 10 fetuses or more from .8 to 11.7% (P < .01; Table 3 ). Perry and Rowell (1969) reported that fetuses with many siblings had less chance of survival than those with fewer than 10 siblings. In our study, a significant incidence of mummies was not observed until wk 9 of gestation in litters with 10 fetuses or more. These data support the observations of Pomeroy (1960) and Knight et al. (1977) of a greater percentage of degenerate fetuses between 60 and 70 d of gestation. Warwick (1928) , Pomeroy (1960) and Knight et al. (1977) further suggested that the large number of degenerating fetuses was related to the fact that the placenta reached its maximum size during 9 and 10 wk of gestation.
Fetal growth and survival may depend ultimately on the degree to which the placenta has developed. Placental weight and fetal weight and length were highly correlated in late gestation in swine (Warwick, 1928; Waldorf et al., 1957; Pomeroy, 1960; Knight et al., 1977; Wootton et al., 1977) . Knight et al. (1977) suggested that intrauterine crowding and an associated decrease in endometrial surface area per fetus inhibited placental development and, in turn, increased fetal mortality. They found a high correlation between fetal weight and placental length. Placental length is proportional to fetal space. A fetus less than two-thirds of the average weight of fetuses in the same horn not only had a lower weight than its siblings but also had a smaller placenta with less blood flow (Wootton et al., 1977) . In our study, weight and length of live fetuses increased exponentially as gestation progressed (Table 4) , but weight and length of mummies remained constant during the same period (P > . 10). Fetal space includes all components associated with the fetus such as placental length and surface and exchange of nutrients and gases. Live fetuses in litters with no mummies did not have larger fetal space than did live fetuses in litters with mummies (Table 4) . When comparisons were made between live fetuses and littermate mummies, fetal space was not different at 7 wk of gestation. From 9 to 15 wk of gestation, space occupied by mummies was less than that of littermate live fetuses (P < .005). The association between a mummy and less space could be due to growth of the uterus at the site of a live fetus and failure to grow at the site of a mummy. Uterine space occupied by a mummy did not increase as gestation progressed, and fetuses died in about 20 cm of uterine space (Table 4) . When a fetus died after 7 wk of gestation in 20 cm of uterine space, this indicated two possibilities: 1) the section of the uterus did not grow to accomodate the growing fetus or 2) the uterine section contracted after the fetus died. A fetus requires more than 20 cm uterine space to survive after 7 wk of gestation.
Influence of litter size on fetal space of a live fetus and its littermate mummy is given in Table 5 . In litters with nine fetuses or fewer, there was no difference (P > .05) in fetal space between a live fetus and its littermate mummy at 7 to 11 wk of gestation, but at 13 and 15 wk a mummy occupied less space than a live fetus (P < .05; Table 5 ). In litters with 10 fetuses or more, live fetuses had more space than mummified fetuses after 9 wk of gestation (P < .01).
Comparison of the absolute fetal space in litters with nine fetuses or fewer and in litters with 10 fetuses or more indicated that before 11 wk of b'C'dMeans in the same row with different superscript letters differ (P < .05). aNumbers in parentheses are numbers of fetuses.
bcomparisons were made between live fetus and mummy on their fetal spaces at various stages of gestation within litter size group (*P < .05; * *P < .01 ; * * *P < .001).
gestation the primary cause of mummies in litters with nine fetuses or fewer was unlikely to be fetal space, but was usually related to other factors (Table 5 ). History of the animals was unknown; thus, external factors could not be accounted for. There was a tendency in litters of nine fetuses or fewer for the mean space per fetus to be greater than that of litters of 10 fetuses or more at all stages of gestation. Cause of mummies after 13 wk of gestation in litters with nine fetuses or fewer could be due in part to less fetal space, because the space occupied by a mummy was less than fetal length of a live littermate. A live fetus needs a uterine space that is at least the equivalent of fetal length to develop and survive (Tables 4  and 5 ). Increased incidence of mummies in larger litters (Tables 2 and 3 ) may be due to limited uterine length.
Combined effect of length of uterine horns, number of fetuses and stage of gestation on percentage of mummies in a litter was evaluated by multiple regression analysis (Table 6 ). The multiple regression coefficient for each effect was significant (P < .001). This indicates that a greater incidence of mummies is associated with a shorter uterus, a greater number of fetuses and an advanced stage of gestation. Together they accounted for 12% of the variation to the incidence of mummies (R 2 = .12, P < .001). The other 88% of the variation in incidence of mummies presumably was contributed from other factors, such as infectious diseases, season, parity, diet and breed composition. In the present study, animals were from Illinois, Iowa, Minnesota, Missouri and Wisconsin and were a cross-section of varied genetic and parity backgrounds representative of commercial pork production units. To measure the relative influence among length of uterine horns, number of fetuses and stage of gestation on incidence of mummies, comparisons of mean squares of those three effects were determined after removal of 88% of variation due to other factors. Relative associations of length of uterine horns, number of total fetuses and stage of gestation on incidence of mummies were 43.7, 31.9 and 24.4%, respectively (Table 6 ). bRelative influence among three mentioned effects was determined by comparing their mean squares.
Uterine length appeared to be an important limiting factor to litter size because a fetus needed a certain space to develop and survive. In summary, incidence of observed mummies in a litter increased from 2.1 to 12.2% between 7 and 15 wk of gestation. At 7 wk of gestation incidence of mummies was not different between litters with nine fetuses or fewer and litters with 10 fetuses or more. During 7 to 15 wk of gestation, the incidence of mummies remained constant at about 1% in litters with nine fetuses or fewer but increased linearly from 1 to 12% in litters with 10 fetuses or more. Mummies occupied less space after 7 wk of gestation than live fetuses in litters with 10 fetuses or more. Uterine length occupied by a mummy was less than the length occupied by a live fetus. An increase in incidence of mummies in larger litters was associated with limited fetal space. Relative influences of length of uterine horns, number of fetuses and stage of gestation on incidence of mummies were 43.7, 31.9 and 24.4%, respectively. A longer uterus was associated with a greater number of live fetuses and a lower incidence of mummies.
